We report the case of a 71-year-old female patient with previous history of rectal cancer. The primary cancer was resected and three cycles of chemotherapy were completed. Excision of metastatic lesions was also performed from the left liver lobe. Due to the presence of new liver lesions on the right lobe, intra-operative microwave ablation was decided. Three hours post ablation the patient bled massively and angiography revealed extravasation from a peripheral branch of the right hepatic artery. Successful embolization was performed; however, the patient died 5 days later on liver failure. We would like to present the case and discuss the technical options and the key points to help avoiding similar complications in the future.
Introduction
Surgical resection of hepatic metastases from colorectal cancer is still considered as the gold standard for disease free long-term survival and a mortality rate of less than 5% [1] . Patient suitability for resection is not yet welldefi ned and additional methods, such as neoadjuvant chemotherapy, pre-operative portal vein embolization and 2-stage resections have increased the number of patients eligible for surgery [1] . Nevertheless, the majority of patients remain without indication for curative surgery. Recently, several interstitial ablative techniques have shown promising results in unresectable liver cancers [2] .
Radiofrequency (RFA) and microwave ablation (MWA) of liver metastases are two out of those techniques, performed under imaging guidance either percutaneously or intra-operatively. Both methods are considered as safe and eff ective, with very low morbidity and mortality rates [3] [4] [5] [6] [7] . Patient death caused by massive arterial bleeding after ablation of liver lesions is very rare [6] [7] [8] [9] [10] . We present such a case with special attention to the reasons caused this complication and suggestions on how to avoid them in the future.
Case Report
A 71-year-old female patient with history of rectal cancer was referred to our department from oncology. The patient was operated for the primary rectal cancer four years earlier. Six months later liver metastases were discovered. There was a 0.7-cm lesion in segment VI, a 0.8-and a 1.3-cm lesion in segment II and a 1.2-cm lesion in segment III. The patient received chemotherapy and partial response was achieved. Excision of the remaining metastatic deposits post chemotherapy was decided and the three lesions were removed from the left lobe (located in segments II and III). Another year later, new lesions were detected and a new chemotherapy regime was administered. However, 5 residual lesions were still detected in the Computed Tomography (CT) scan post chemotherapy (Figs 1 and 2) . The patient was considered as a very poor candidate for further hepatectomy or chemotherapy due to deterioration of the liver function and was referred to us in view of ablation of the residual multiple metastatic lesions.
Due to the number and the location of the lesions, intra-operative approach and ablation with microwave was decided. All 5 lesions were located in the right liver lobe. A microwave (MW)-generator (MedWaves, San Diego, USA) was used, with an Avecure 14 G, 23-cmlong needle. Guidance of the probe with ultrasound was performed. A 3.5-MHz curvilinear probe was used. All the lesions were successfully ablated in the same session.
The ablation generator produces 45 W of power at a frequency of 915 MHz. Ablation time was 10 min for each lesion and the total diameter achieved for each lesion was 4 cm. The total procedure time was approximately 3 hours. After the ablation, surgical closure was performed and a surgical drain was positioned in the sub-hepatic space. The patient was transferred to the ward and appeared to be recovering well for the fi rst three hours post procedure. Then, sudden dramatic elevation of the systolic blood pressure was noticed (over 200 mmHg) with immediate bleeding from the surgical drain indicating hemorrhage from the sub-hepatic space. The patient was immediately transferred to the operating theatre and a new laparotomy was performed. Bleeding from the liver capsule was detected and packing with radio-opaque gauzes followed. The patient was stabilized and transferred to the angio-suite for selective hepatic arteriography. Angiogram revealed diff use arterial spasm and contrast extravasation from a right hepatic artery branch (Fig. 3) , which was subsequently embolized with two metallic 0.018-inch micro coils, 3 × 50 mm and 4 × 120 mm (BALT, Montmorency, France) (Fig. 4) , with satisfactory result. The patient was transferred in the Intensive Care Unit (ICU) and was transfused further on. Two days later a new laparotomy was performed and after removal of the gauzes, extended blood extravasation was seen from the liver capsule, in form of diff use subcapsular haematoma. Liver was re-tamponated and three days later the procedure was repeated. This time no bleeding was found, but segmental necrosis was macroscopically seen (Fig. 5) . The patient died two days later due to liver failure.
Discussion
Liver is the second most common site of metastasis from colorectal primary cancers [3, 11] . The potential cure in such cases may be off ered by surgical resection [12] . However, the nature of the disease is such that continuous progression occurs and chemotherapy is not always possible to contain this progression. New lesions usually appear and surgical options are limited in such cases. Looking for less invasive solutions thermal ablation offers an alternative to surgical intervention [11] . Several interstitial ablative techniques have shown promising results in percutaneous treatment of unresectable liver cancers [2] [3] [4] . Radiofrequency and microwave ablation of liver metastases are the most established techniques, performed either percutaneously or intra-operatively [5] [6] [7] [8] [9] [10] [11] . Advantages of thermal ablative techniques are repeatability, shorter hospital stay and lower morbidity and mortality rates [11] . Especially MWA seems to be more eff ective due to higher temperatures, larger tumor ablation volumes and faster ablation times [13] . Major complication rate requiring treatment is reported lower than 5%, while procedure-related mortality is considered as relative rare, so that these methods can be characterized as safe [5] [6] [7] [8] [9] [10] [11] [14] [15] [16] .
Livraghi et al. reported major arterial bleeding after liver RFA in just 0.5% (12 out of 2320 patients) [8] . In 3 patients surgery was necessary and in another one intra-arterial embolization. Only one patient died after massive hemorrhage that was caused by tumor rupture. Actually, this is in our knowledge the only patient death reported from massive hemorrhage after percutaneous radiofrequency ablation until now.
In a meta-analysis of primary and secondary liver malignancies ablated with MW, an ablation associated mortality rate of just 0.002% was found [5] . In another more recent meta-analysis performed by Bertot et al. in 2011, the percutaneous performed ablative methods were considered as safe, with a major complication rate of 4.1% and 4.6% for RFA and MWA, respectively [6] . The technique-related mortality rate is rather lower, reaching 0.15% and 0.23% for RFA and MWA, respectively [6] . In this review of 1,185 cases of MWA, the only deaths reported were due to cardiac or multi-organ failure, while in 9,531 cases of RFA, deaths were found because of colon perforation, peritonitis, liver failure, bile leakage, tumor rupture with massive hemorrhage and peritoneal hemorrhage [6] .
Livraghi et al. [7] in another study, reported no mortality and a major complication rate of 2.9%, with two only cases of hemorrhage requiring blood transfusion (0.3%) [7] . However, in that study patients with lesions not larger than 5 cm were included and no more than 4 lesions per session were treated with MVA.
Also when performed in combination with surgical resection, most complications like wound infection, biliary fi stula or transient liver failure most likely occurred because of the surgical techniques and less due to the ablation [1] . Martin et al. treated 100 patients with 270 hepatic tumors by combining hepatic resection with MWA [10] . Fifty of them suff ered from metastatic liver disease with a mean of 2 lesions (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Patients with multiple lesions in diff erent liver segments were ablated under open surgical inspection and ultrasound guidance. No mortality or hemorrhage was found, while major complication was noted once due to a hepatic abscess formation [10] .
In a larger series with 1,928 hepatic tumors ablated percutaneously with MW an intrahepatic hemorrhage was reported in one uncooperative patient [9] . Patient required arterial embolization four hours later due to blood pressure decrease but survived. Also two non-ablation related deaths, one from respiratory and cardiac insuffi ciency and one from multi-organ failure were noted. The authors believe that increased number of procedures is a factor associated with higher rate of complications [9] .
Decision Making
In our case, the patient bled from a damaged arterial vessel. This is not a frequent complication because fi rstly arteries are rarely damaged by direct needle puncture and in the case that an artery is slightly eroded by the thermal ablation of structures it is expected to heal during the coagulation process. Apparently the needle was retrieved quicker than whet it was required in order to obtain the necessary coagulation eff ect in the damaged vessel. Nevertheless, the lesion was subsequently embolized successfully. However, the embolization eff ect was of negative impact on an organ with multiple problems and in addition to the extensive coagulation necrosis caused by the MWA of multiple lesions let to fatal liver failure. A procedure in two or three stages maybe would have been a better option considering the background and the rather poor reserves of the patient. Embolization could not have been avoided and may be potentially necessary after any percutaneous liver case. Needle placement through healthy parenchyma is crucial in order to be able to seal the potential hemorrhage and in case of ablation appropriate time for coagulation is required to avoid seeding and to try and repair any damaged vessel.
